The possibility of inorganic pollutants causing stress to the marine ecosystem instigated us to conduct eco-toxicological tests on the predominant trace metals (Cu, Zn, Pb and V) in commercial important fish. Among the four metals, V had the lowest observed effect concentration (LOEC: LC 15 ) at 6.3 µg L −1
INTRODUCTION
The factors that cause stress in the Kuwaiti marine environment may be multidimensional in their origin. Sources include industrial and domestic effluent discharges, oil spills, accumulation of organic and inorganic pollutants in Kuwait Bay and in the coastal region due to industrialization and rapid human activities were identified after the Gulf War-I in 1991. Discharges from the power, thermal, desalination and water treatment plants and leakage from oil wells that contained high metal levels were observed in Kuwait marine environment [1] [2] . Most metals are essential for the physiological function processes in fish [3] . However, above tolerable limits, these metals were found to be one among the factors that caused 'fish kill' in the year 1999 and 2000 especially to L. klunzingeri in Kuwait while, sub-lethal concentrations of metals showed behavioural, biochemical and histological changes in fish [4] . Observation showed the main routes of accumulation of trace metals over time by fish are through the gills, skin, muscles and food [3, 5] . Likewise, hard body parts of fish such as otolith, scales and dorsal spines showed significant accumulation of trace metals in the marine environment [6] [7] [8] [9] [10] . Studies also observed co-toxic effect of metals in mixture on sensitive fish [11] [12] [13] . Besides the direct effect of trace metals, their interaction to seawater variables such as temperature, pH, D.O., salinity, nutrients and biological factors may attribute to enhance the co-toxicity effect on fish [14] [15] . Previous publications showed no evidences of cotoxicity of trace metals in L. klunzingeri in Kuwait's marine environment. Hence, this study aims to determine the acute toxicity (LC 50 ) and bioaccumulation of trace metals, individually and in mixture (co-toxicity) in L. klunzingeri.
MATERIALS AND METHODS
The commercially important fish, mullet, Liza klunzingeri were collected from the Kuwait Bay. Ten fish replicates, each weighing 20±3 g and total length 9±3 cm were acclimated for 30 day in the laboratory in 250 L glass tanks containing 0.45 µm filtered and disinfected seawater. The fish were fed (2% body weight) with Artemia salina (brine shrimp) nauplii (2 g day −1 ) and formulated fish feed (3 g day −1 ) without trace metals (<0.001 µg g −1 ). Seawater (5%) was exchanged on alternate days and dead fish (if any) removed besides the filters provided inside the tanks. Antibiotics and fungicides were added to waters before toxicity tests to prevent bacterial infection following the guidelines described earlier [16] . In 250 L tanks, seawater parameters were gradually changed over a period of 15-20day using [17] using blanks, metals standards (ICP grade:1000ppm) and 98% recoveries of samples from trace metals in seawater standard reference material (BCR: seawater CRM-403).
Acute toxicity test on L. klunzingeri: L. klunzingeri (10 numbers) for each toxicity test (96 h LC 50 ) were acclimated for 24 h in the lab following the methodology of Finney (1971) and data analyzed using Probit program [18] . Fish were not fed while acclimation and during the acute toxicity test. Different quantities of standard stock solution (1 g L −1 ) of trace metals (Pb, V, Cu and Zn Perkin Elmer) were added to the filtered seawater in the experimental tanks. This produced the LC 50 test concentration ranging from 6 to 23 µg L −1 .
Similarly, metals solutions were also prepared in mixtures (1:1 ratio) and tested for co-toxicity with replicates of L. klunzingeri. The co-toxicity co-efficient (CTC) of trace metals ( M ) was computed [19] .
(CTC M ) = Actual Toxicity index of metals (TI A ) Theoretical Toxicity index of metals (TI)×100 Trace metals solutions were renewed every 24 h to reduce the decrease in toxicant concentrations [9] . The 96 h LC 15, LC 50, LC 99 values were calculated using the Probit Program [18] [19] [20] 21] . Bioaccumulation test for 180 day with additional dose of trace metals to L. klunzingeri exposed from 1 day-180 day that may lead to accumulation of metals while determining the LC 50 toxicity and co-toxicity tests was prevented by calculating the Cumulative Toxicity Factor (CTF) for the respective exposures 20-50, 50-100 and>100) is rated (1-6) based on the nature of toxicant index (non-hazardous, slight, moderate, very hazardous, extreme and highly extreme hazardous) respectively [13] .
Bioaccumulation test on L. klunzingeri: Ten L. klunzingeri each, were exposed to LOEC (metal concentrations that produced LC 15 ) on each trace metals (Pb, V, Cu and Zn) as well as in mixtures (1:1 ratio) to comply with the laboratory standards described on animal sacrifice [16] . Test ran for 180 day in individual tanks. Fish were fed only with A. salina nauplii (2 g day −1 ) to ensure either no feed or trace metals (<0.001 µg g −1 ) residues in the tanks. Simultaneously, ten fish were sacrificed (anaesthetized using Quinaldine) and their hard parts (otolith, dorsal spines and scales) removed after 1 day to determine the initial trace metals levels. Bioaccumulation factor (BAF 1 ) of each heavy metal was determined by calculating the actual metal accumulation in fish hard parts from that of seawater [11] . BAF 1 = Concentration of metals in fish hard parts (µg kg −1 ) (B) Concentration of metals in seawater
. BAF 2 of trace metals mixture in fish exposed for 180 day toxicity test was determined by calculating the metals accumulated after 180 day from that of the metals accumulated in the respective hard parts after one day. Trace metal concentrations in the seawater were also measured during each water exchange. Live fish from the control and tests were killed after 180 day exposure. Paired otolith (0.034 g±0.01), first dorsal fin (0.2 g) and 4-5 scales (0.2 g±0.01) found adjoining the lateral lines from each fish were dried in an oven [21] .
RESULTS AND DISCUSSION
Trace metals analysis in Kuwaiti seawater: The present study chose essential and non-essential metals (Cu, Zn, Pb and V) because they were:
(1) found to cause marine pollution in Kuwaiti waters [2] (2) suspected to cause 'fish kill' in Kuwait Bay recently [4] (3) occurred in untreated industrial, domestic and sewage discharges (4) occurred in high levels through accidental spills and V (0.55 µg L −1 ±0.02). However, these metals were found within the limits of the observations made elsewhere in the globe [12] [13] [14] 15] .
Acute toxicity to L. klunzingeri: The 96-h LC 50 tests [18] on L klunzingeri showed the concentrations sequence of V (8.
revealed L. klunzingeri sensitive to V at LOEC (6.3 µg L −1 ) was lower than other metals examined in this study (Table 1 ). The interaction of V with other organic constituents could attribute to the accumulation of V in the hard parts of the fish when compared to other trace metals. This was statistically tested through Chi-square analysis and supports the earlier findings [8] ( Observation also revealed similar sequence of LC 50 to fish exposed for 180 day but with an increased concentration in trace metals in single exposures as well as in mixtures (Table 2) . Table 1 : Lethal concentrations (LC15 and LC50 at 96 h exposure) of trace metals to Liza klunzingeri (10 fish) using Probit Program [18] 95% C.I. limits conc.
- [18] Table 2: Lethal concentrations (LC15 and LC50 at 180 day exposure) of trace metals to Liza klunzingeri (10 fish) using Probit Program [18] 95% C.I. limits conc.
--------------------
- [18] [14] 7.0-60.0±0.02 [b,15] 60.0±2.1 [12] V 10.0 30 --0.01-0.76±0.01 [15] --Cu 12.0 30 0.8-3.2±0.3 [14] 0.85-4.0±0.01 [12] 7.0±2.1 [12] Zn 14.0 30 2.7-10.8±1.3 [14] 0.5-78.0±0.01 [12] 360±1.30 [12] LOEC: Lowest observed effective concentration, Table 4 : Bioaccumulation of trace metals mixtures in L. klunzingeri hard parts at LOEC (LC15)
Metal levels in hard parts (µg g 15 ) ensured low mortality. Hard parts showed highest heavy metal concentrations in dorsal fins followed by scales and otoliths (Table 3) . Metal concentrations in dorsal fins, scales and otoliths attributed to their assimilation of trace metals along with Ca 2+ for its composition and formation [6] . BAF in L. klunzingeri recovered from seawater as well as in fish exposed for 180 day was found to be lower for Cu and Zn than for Pb and V. This may be attributed to the regulation of Cu and Zn by the fish [10] . However, toxicity and bioaccumulation levels in the present study were found within the limits when compared to the earlier studies conducted elsewhere (Table 3 ) . BAF was in the sequence of dorsal fin>scales>otolith in trace metals mixture and with single exposed metals ( Table 4 ). The co-toxicity coefficient value (CTC) was synergistic in trace metals mixture containing Zn, Cu and Pb. The CTC value was observed high in Pb: Cu mixture than for other combinations and supports the earlier studies on the effects of such metals toxicity in fish (Table 5 ) [3, 5, 14] . However, CTC revealed antagonistic action of V with Pb, Cu and Zn. During this study, experimental cumulative toxicity was prevented while replenishing trace metals in the test tanks by determining the Cumulative Toxicity Factor (CTF). The cumulative toxicity of these metals to the fish was minimal during the bioaccumulation test conducted for 180 day when compared to that of 1 day exposure. The trace metals determined in the present study at LOEC (LC 15 ) revealed CTF index at slight and moderate hazardous to the fish (Table 6 ). No mortality was observed at LOEC of trace metals addition. The fish were observed to recover soon in seawater in the absence or low trace metals. Thus, this test complied with the laboratory standards described on animal sacrifice [16] . The co-toxicity effect of trace metals mixture to L. klunzingeri in Kuwaiti waters may be related to The present investigation showed trace metals mixture in seawater can interact in synergistic and antagonistic ways that indicate L. klunzingeri could be a bio-monitoring tool for pollution. Furthermore, mass mortality of L. klunzingeri could be validated through trace metals co-toxicity, if large quantities of these trace metals are untreated and accidentally discharged into the Kuwaiti marine environment. 
